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 Introduction 
Environmental Technology: Applications in Principle and Practice 
Appropriate Waste Management Technologies 
Associate Professor Goen Ho 
Director, Institute for Environmental Science, Murdoch University 
Perth, Australia 
When the subject of 'Appropriate Waste Management Technologies' is discussed, the 
question of the meaning of the word 'appropriate' is usually raised. Many have suggested what the 
term should encompass, from a very narrow definition to the most comprehensive it can have. 
At Murdoch University Dr Kelvin Willoughby researched the subject for his Ph D thesis, 
and published a book based on it. He detailed in particular the appropriate technology movement 
that emerged in the sixties and seventies. The movement was a response to the unsatisfactory 
situation when capital intensive high technology systems from developed countries were applied in 
developing countries. The technologies required high maintenance costs and expertise which might 
not be available in the latter. 
More recently Martin Anda explored in his Ph 0  thesis how technology should be 
transferred to indigenous people of Australia. His research is based on his experience and also on 
observation of the work of Dr Bruce Walker, Director of the Centre for Appropriate Technology and 
others in Australia, and work amongst indigenous people in North America. In these cases cultural 
differences have meant that the technology transfer process must take into account the cultural 
differences. 
At this Symposium Dr Don Mansell, Director of the International Development Unit at the 
University of Melbourne, will present a paper based on his experience of technology transfer to 
Papua New Guinea and the Asia Pacific region. 
I would like to explore in this paper what meaning the word 'appropriate' should have 
when associated with waste management technologies. 
Appropriate Waste Management Technologies for Developing Countries 
I would like to begin by describing the activities of a specialist group of the International 
Association on Water Quality, which has as its name 'Appropriate Waste Management 
Technologies for Developing Countries'. I am very familiar with this international specialist 
group, because for four years (1991 -1995) I was the secretary of the group. 
Although the group has been in existence for about a decade, the meaning of the word 
'appropriate' has not been precisely defined, except for its reference to the developing countries. 
The general thrust of the group's aim is along that embraced by the general appropriate technology 
movement, attempting to address the unsatisfactory transfer of technology from developed countries 
to developing countries. An implied meaning of the term 'appropriate' can be derived by examining 
the subjects of papers presented at the conferences organised by the group. There have been three 
such conferences 
•  Palmers  ton North, New Zealand (1988) 
•  Perth, Australia (1991),  and 
•  Nagpur, India (1995). 
The papers generally cover the use of lagoons and ponds for the treatment of wastewaters. 
Other treatment technologies discussed include grass filtration, soil filtration and constructed 
wetlands. These are land based treatment systems. 
Why are these technologies appropriate for developing countries? There are at least two 
reasons. Firstly, properly designed these technologies can achieve the same standard of effluent 
quality as high technology systems. Secondly, the land based systems require less capital and 
maintenance costs, assuming that land is available at low costs. It should be noted that the latter 
may not be the case in developing countries with large population densities. 
High technology systems, on the other hand, may not be generally appropriate for 
developing countries. As a developing country plans for its economic growth and prioritises its 
capital investment, it may consider that with the available capital, projects which promote 
economic growth should be given priority over waste treatment. This choice over appropriate 
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technology over high technology makes sense, since the same effluent standard can be reached with 
the appropriate technology. Thus the term 'appropriate' is economically defined in this context. 
It is interesting to note that in developed countries, there is a growing awareness that the 
centralised high technology treatment systems is not environmentally benign. Because of the large 
capacity of a centralised system, disposal of treated effluent presents a problem. Disposal is usually 
to a river of the sea, and nutrients in the treated effluent cause eutrophication and die-off of sea 
grass meadows. Reuse of the water also presents difficulty, because of the large volume of water 
which needs to be distributed for reuse. This usually necessitates a pipeline distribution system. 
Thus taking into account environmental factors, even a high technology huge centralised treatment 
systems cannot be considered appropriate even for developed countries. In this context 
appropriateness is defined by environmental considerations. 
Localised Wastewater Treatment Technologies 
In developing countries it is common to see a septic tank systems for the disposal of domestic 
wastewater. Water from toilets (blackwater) is directed to the septic tank and the overflow from 
the tank joins water from the bathroom and kitchen (greywater) to flow into drains and eventually 
to a river. The environmental impact of this disposal is the depletion of oxygen from the river 
water, and the consequent generation of odours and disappearance of fish. What is an appropriate 
solution to this problem? 
As we have seen above, large scale laying of sewerage pipes and construction of a 
centralised high technology treatment plant may not be appropriate from an economic and 
environmental consideration. There appears to be at least two solutions, and both involve localised 
treatment and reuse of the treated wastewater. Both adopt water conservation, but achieving it in 
different ways. 
In this first case a composting toilet can be adopted. This is a dry toilet, and the solids are 
composted either by bacterial action alone, or supplemented by vermi(worm)composting. The 
greywater is reused for irrigation. In the second case the combined black and grey water is treated in 
an on-site treatment plant, much like an advanced treatment plant, and the treated wastewater is 
used locally. The first case is more suited to a drier climate and single dwellings, whereas the 
second case is more generally applicable to all climatic conditions, and can treat wastewater from 
single houses or groups of houses. Reuse possibilities are greater and can include maintenance of 
wetlands and crop and fruit irrigation. It should be noted that cultural factors may limit the use and 
acceptance of dry toilets. 
Localised treatment of wastewater creates the possibility of a community being more 
involved in deciding what sort of treatment and how water management in the locality should be 
implemented. Should water of drinking quality standard be used for all purposes, or for in house uses 
only and treated wastewater used for other purposes? In developed countries this question is being 
asked as the environmental impact of large treatment plants is properly assessed and increasing 
water demand dictates that reuse of treated wastewater is considered. The answer to this and 
similar questions will determine the appropriateness of the technology used, and hence the term 
'appropriate' is also defined by social and cultural factors. 
Appropriate Technologies in Waste Management 
We have seen that the term 'appropriate' when associated with waste management 
technologies should be understood in the context of the economic, environmental, social, cultural and 
other physical and human local factors into which the technology is to be placed. 
There has been concern or doubt expressed about the quality of appropriate waste 
management technologies when suggested for application in developing countries. Is a lagoon 
treatment system, for example, as good as a high technology treatment system? Are developing 
countries being offered second rate technologies because they cannot afford high technologies 
treatment systems? 
The answer to these questions hinges on whether both appropriate and high technology 
systems are based on the same scientific principles for the removal of pollutants from the 
wastewater. And I can definitely say that the answer is Yes. The same physical, chemical and 
biological principles apply to the treatment processes in both cases. What we need to enSure is that 
in both cases the same scientific bases are rigorously applied. The engineering design for both cases 
should ensure that the same performance and outcome are achieved. Standards for the disposal and 
reuse of treated wastewater have and formulated for substances causing oxygen depletion, for 
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nutrients, pathogens and heavy metals, and other pollutants. The standards equally apply to both 
the appropriate and high technologies. 
Research into the mechanisms of pollutant removal by physical, chemical and biological 
means in appropriate waste management treatment systems is on-going, and improvements and 
optimisation of these systems are expected. Innovations in the design of localised treatment systems 
are also taking place based on the research work. At Murdoch University, for example, we are 
undertaking research into 
•  how to improve the performance of leach drain (land disposal of septic tank effluent in 
Australia) in tight soils by using evapotranspiration, using plants to pump water from the soil 
zone to the atmosphere 
•  removing nutrients from septic tank effluent using bauxite refining residue (ECOMAX system) 
increasing the capacity of aerobic on-site treatment units (BIOMAX and Aerobic Sand Filter). 
And removing nutrients (Nitrogen and Phosphorus) in these systems, 
•  fixing heavy metals in sewage sludge using clay, and 
•  find optimum conditions for removing pathogens from sewage sludge by composting. 
For improving water and sanitation in remote Aboriginal communities, we are developing 
•  a solar powered reverse osmosis desalination unit, 
•  pour flush toilet, and 
•  an on-site bacteriological water quality testing unit 
Towards Sustainable Development: Implementing Appropriate Waste Management Technologies 
If we believe that appropriate waste management technologies are the technologies to 
apply in both developed and developing countries, how should we implement them? Implementing 
any new waste treatment systems means providing a new infrastructure and requires the willingness 
of the community for change, and resources are reqUired to the implement the change. The answer to 
the above questions involves policy issues, which will be addressed by my colleague, Dr Peter 
Newman, Director of the Institute for Science & Technology Policy, in a separate paper in this 
SympOSium. 
I would like to just raise the question of effluent standards that a community may want to 
adopt. In implementing effluent treatment in developing countries, two approaches are possible. 
The first is to adopt a high standard of effluent treatment from the start. As the availability of 
resources is limited only certain sectors of the community can take part in implementing the 
standards. Other sectors of the community need to wait until resources become available. The second 
approach is to carry out implementation in stages with standards set higher with each stage. The 
aim is to enable all sectors of the community to take part in implementation, and as more resources 
become available, effluent standards are made stricter. These two approaches have their 
advantages and drawbacks, and research needs to be carried out in this important policy area, 
because the decision to adopt which approach to take will affect the choice of appropriate 
technologies to use. 
Centre for Environmental Management and Technology 
I am very pleased on behaif of Murdoch University to be involved in the establishment of 
the Centre for Environmental Management and TeChnology at Merdeka University. Our 
involvement is part of the existing cooperative research agreement between the two universities. 
Merdeka University plans for the Centre to be a national centre for excellence, where research on 
environmental technology appropriate for Indonesia will be the focus. 
The role of Murdoch University can be for Merdeka University to obtain access to research 
and expertise in Australia, for staff at Murdoch University to learn from researchers at Merdeka 
University about how technology for waste management developed in Australia can be made 
'appropriate' for the Indonesian situation. 
Murdoch University's Institute for Environmental Science has developed an excellent link 
with Australian environmental management industry and has carried out research for the industry. 
This cooperation with industry can be a model for a similar activity for the Centre and Merdeka 
University. The cooperation between Merdeka University and Murdoch University can in the long 
term involve the four partners for the mutual benefit of ali. I look forward to many years of fruitful 
cooperation and I would like to wish the Centre all the best wishes for its success. 
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